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Abstract 

Objective.  Evaluate associations between psychological functioning, weight, and diet in rural 

children participating in family-based pediatric obesity interventions.  

Methods. One hundred and forty-eight children participated in two trials of rural pediatric 

obesity interventions. Measures of internalizing, externalizing, and total behavior problems; 

BMIz; red food intake; and fruit and vegetable intake were taken at baseline and post-

intervention. Pre- to post-intervention changes in health outcomes were assessed using paired-

samples t-tests. Continuous and categorical associations between behavior problems and 

weight/diet were assessed using correlations, hierarchical linear regression models, and 

independent-samples t-tests.  

Results. Across all participants, red foods and behavior problems significantly improved from 

pre- to post-intervention. Externalizing problems were positively associated with red foods, and 

clinical levels of externalizing and internalizing problems were associated with higher baseline 

red foods and BMIz (compared to subclinical problems).  

Conclusion. Findings support associations between psychological functioning and weight/diet in 

rural children participating in a family-based pediatric obesity intervention. Identifying children 

with high baseline levels of psychological problems may help predict which children are the 

most or least likely to succeed in a pediatric obesity interventions as well as inform future 

development of interventions that are more effective in children with psychological problems. 

 Keywords: obesity, rural, weight management, psychological health 
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Pediatric obesity treatment in rural settings: Association between psychosocial functioning and 

health outcomes 

 Childhood overweight and obesity remain a highly prevalent problem in the United 

States. About 30% of children and adolescents are overweight with a BMI ≥85th percentile and 

about 15% are obese with a BMI ≥95th percentile on BMI-for-age/gender growth charts 

(Kuczmarski et al., 2002; Ogden, Carroll, Kit, & Flegal, 2012). In addition to an increased risk 

of health conditions such as high blood pressure, atherosclerosis, and type 2 diabetes mellitus 

(Must & Strauss, 1999), pediatric obesity is associated with negative psychological 

consequences. Research suggests that compared with normal weight children, children with 

overweight/obesity show higher scores as well as higher rates of clinically significant scores on 

measures of internalizing behavior problems such as depression, anxiety, social withdrawal, and 

somatization (Bell et al., 2007; Tiffin, Arnott, Moore, & Summerbell, 2011; Vila et al., 2004) 

and externalizing behavior problems such as delinquent and aggressive behaviors (Gibson et al., 

2008). Additionally, higher scores on measures of adiposity, such as standardized BMI (BMIz), 

are associated with a higher risk and severity of internalizing (Bell et al., 2007; Gibson et al., 

2008) and externalizing symptoms (Eschenbeck, Kohlmann, Dudey, & Schurholz, 2009; Gibson 

et al., 2008). However, other studies present contrasting findings with no association between 

adiposity and internalizing symptoms (Brewis, 2003; Drukker, Wojciechowski, Feron, 

Mengelers, & Van Os, 2009; Marks, Shaikh, Hilty, & Cole, 2009; Merikangas, Mendola, 

Pastor, Reuben, & Cleary, 2012), or externalizing symptoms (Drukker et al., 2009; Renman, 

Engstrom, Silfverdal, & Aman, 1999). These contrasting findings may be due to the fact that 

these studies use community-based samples; research suggests that the associations between 

adiposity and internalizing/externalizing symptoms are more robust in clinical samples 
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compared with community samples (Braet, Mervielde, & Vandereycken, 1997; Wardle & 

Cooke, 2005).  

In addition to weight-related effects on psychological functioning, a growing field of 

research is investigating whether diet quality is related to pediatric psychological functioning 

(O'Neil et al., 2014). Several studies have shown that children with high-quality diets report 

fewer internalizing (Jacka et al., 2011; Jacka, Rothon, Taylor, Berk, & Stansfeld, 2013; 

McMartin et al., 2013; Weng et al., 2012) and externalizing symptoms (Oddy et al., 2009), 

while children with low-quality diets report more internalizing (Jacka et al., 2013; Weng et al., 

2012) and externalizing (Oddy et al., 2009; Oellingrath, Svendsen, & Hestetun, 2014; Robinson 

et al., 2011) symptoms. In studies investigating the consumption of specific types of foods, 

children with higher internalizing and externalizing symptoms report eating more foods high in 

fat and sugar (Robinson et al., 2011) and fewer fruits and vegetables (Renzaho, Kumanyika, & 

Tucker, 2011).  

Children from rural areas are particularly vulnerable to experiencing overweight/obesity 

and inadequate nutrition. Compared to children in urban areas, children in rural areas are more 

likely to be obese (Davis, Bennett, Befort, & Nollen, 2011; Liu, Bennett, Harun, & Probst, 

2008; Lutfiyya, Lipsky, Wisdom-Behounek, & Inpanbutr-Martinkus, 2007). Children from rural 

areas are also less likely to adhere to national nutrition recommendations (Johnson, Johnson, 

Wang, Smiciklas-Wright, & Guthrie, 1994), and more likely to consume more calories and 

calories from fat (Crooks, 2000; Liu et al., 2012), as well as more foods high in fat and sugar 

(Davis et al., 2011; Davis, James, Curtis, Felts, & Daley, 2008). Various barriers to a healthy 

lifestyle likely drive these disparities in rural children (Lutfiyya et al., 2007; Tai-Seale & 

Chandler, 2010). Rural children who are overweight/obese are more likely than urban 
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counterparts to live in poverty, have no health insurance, and not receive preventative healthcare 

(Liu et al., 2008; Lutfiyya et al., 2007). Rural children also have less access to school nursing 

services or other health education services (Heneghan & Malakoff, 1997; Leeper, Hullett, & 

Wang, 2001). Finally, rural children spend more time engaging in sedentary activities (Lutfiyya 

et al., 2007) and have less access to resources that promote physical activity such as physical 

education classes, sidewalks, and fitness centers (Bevans, Fitzpatrick, Sanchez, Riley, & 

Forrest, 2010; Hendryx, 1993).  

Despite the increased risk of obesity and inadequate nutrition in rural children, very few 

studies of this population have investigated the relationship between psychological health and 

adiposity, and none have investigated the relationship between psychological health and diet. 

One study from a rural telepsychiatry clinic found that compared to children of a normal weight, 

children with overweight/obesity had higher rates of conduct disorder and higher rates of 

bipolar disorder and depression. However, these results were not statically significant and may 

not be generalizable to rural children who are not referred for psychiatric care (Marks et al., 

2009). In another study, children from rural North Carolina recruited between the ages of 9–13 

were followed for several years. By age 16, chronic obesity predicted depressive disorder in 

boys, and oppositional defiant disorder in boys and girls (Mustillo et al., 2003). Finally, one 

study of children with overweight/obesity participating in a rural weight management 

intervention found a high rate of disordered eating attitudes and unhealthy weight control 

behavior, which was in turn associated with poorer emotional health related quality of life 

(Gowey, Lim, Clifford, & Janicke, 2014).  

To treat pediatric overweight/obesity, expert guidelines have recommended an 

intervention model with treatment stages that increase in intensity depending on treatment 
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response as well as co-occurring behavioral and medical risk factors (Barlow & Expert 

Committee, 2007). Active participation from family members is recommended at every 

treatment stage, which include structured physician visits focusing on improving eating and 

activity habits (Stage 1: Prevention Plus) to a more comprehensive intervention with a 

structured diet and physical activity program and a focus on behavior modification techniques 

such as self-monitoring and goal setting (Stage 3: Comprehensive Multidisciplinary 

Intervention). Comprehensive family-based interventions in particular have been extensively 

studied and have been consistently shown to be more effective for causing weight loss 

compared with standard-of-care or control interventions across several reviews and meta-

analyses (Janicke et al., 2014; Oude Luttikhuis et al., 2009; Young, Northern, Lister, 

Drummond, & O'Brien, 2007). 

Compared to the number of studies on weight-related outcomes of family-based 

pediatric obesity interventions, far fewer have investigated diet-related outcomes, and such 

research has shown mixed outcomes. One meta-analysis found family-based interventions to be 

no different than passive control groups in causing reductions in caloric intake from baseline to 

follow-up (Janicke et al., 2014). Conversely, other studies of nutritional outcomes in family-

based interventions have found significant improvements in intake of fruits and vegetables 

(Epstein, Paluch, Kilanowski, & Raynor, 2004), total daily fat and sugar (Reinehr et al., 2010), 

and servings of foods high in fat and sugar, also commonly referred to as red foods (Davis, 

Daldalian, et al., 2013; Duffy & Spence, 1993; Epstein, McKenzie, Valoski, Klein, & Wing, 

1994; Epstein, Paluch, Beecher, & Roemmich, 2008; Epstein et al., 2004). 

Research on pediatric obesity interventions has also been insufficient in terms of 

investigating psychological outcomes. While several family-based interventions have produced 
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promising findings in which internalizing and externalizing symptoms improve from baseline to 

follow-up (Epstein, Paluch, Gordy, Saelens, & Ernst, 2000; Levine, Ringham, Kalarchian, 

Wisniewski, & Marcus, 2001; Munsch et al., 2008; M. D. Myers, Raynor, & Epstein, 1998; 

Sacher et al., 2010; Wadden et al., 1990), others have not found significant improvements in 

these symptoms or significant differences in symptom improvement between intervention and 

control groups (DeBar et al., 2012; McCallum et al., 2007). Furthermore, few studies of 

pediatric obesity interventions have investigated whether psychological functioning affects 

weight- and diet-related outcomes. Some research findings suggest that children with better 

psychological functioning at baseline are more successful in weight management programs 

(Goldschmidt et al., 2014; O'Brien, Smith, Bush, & Peleg, 1990), while others report no 

association between baseline psychological functioning and treatment success (Braet, 2006). 

Finally, limited research has investigated whether improvements in psychological functioning 

are related to improvements in child health outcomes over the course of pediatric obesity 

treatment. One study of an 8-month intervention found that greater decreases in percent 

overweight were associated with improvements in somatic complains in both genders and 

improvements in overall behavior problems in girls. However, this study also found that boys 

who had greater decreases in percent overweight showed less improvement in externalizing 

symptoms (M. D. Myers et al., 1998). Other studies have found no association between changes 

in psychological health and intervention success (Levine et al., 2001; Wadden et al., 1990).  

Despite research supporting the effectiveness of pediatric obesity treatment, rural areas 

are underrepresented in pediatric obesity treatment research, likely because of limited access to 

resources and well-trained experts (K. M. Myers, Valentine, & Melzer, 2007). For example, 

only three studies have investigated comprehensive family-based interventions targeting rural 
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children. One such study conducted at health education centers showed that participants of 

family-based interventions had significantly greater decreases in standardized BMI (BMIz) 

from pre- to post-intervention compared with participants in a wait-list control group. 

Unfortunately, outcomes related to diet or psychological health were not reported (Janicke et al., 

2008). The other two studies were from Davis and colleagues and investigated differences in 

health outcomes between a group intervention delivered via telemedicine (interactive televideo) 

and an alternative intervention, which was either a structured physician visit (Davis, Sampilo, 

Gallagher, Landrum, & Malone, 2013) or a group intervention delivered via telephone (Davis et 

al., 2015). In recent years, telemedicine interventions have improved access to obesity treatment 

for rural families, and studies of telemedicine obesity treatment for individual children and 

families have found better or comparable health outcomes compared to in-person clinics (Irby, 

Boles, Jordan, & Skelton, 2012; Lipana, Bindal, Nettiksimmons, & Shaikh, 2013; Mulgrew, 

Shaikh, & Nettiksimmons, 2011). In the studies of group-based interventions by Davis and 

colleagues, no significant differences in health outcomes were found between the telemedicine 

and alternative interventions. BMIz scores either decreased (Davis, Sampilo, et al., 2013), or 

remained the same from pre- to post-intervention (Davis et al., 2015), and non-significant 

improvements were seen in diet and psychological functioning. When telemedicine and 

telephone groups from one study were combined (Davis et al., 2015), a significant improvement 

from pre- to post-intervention in internalizing, externalizing, and total behavior problems was 

found (Sporn, Davis, & Dean, 2014). 

Current Study 

The current study is a secondary analysis of data from two trials of rural family-based 

pediatric obesity interventions (Davis et al., 2015; Davis, Sampilo, et al., 2013) with an overall 
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objective to address gaps in the literature regarding the associations between psychological 

functioning and health outcomes related to weight and diet in rural children participating in such 

interventions. To address this objective, the current study examined (1) baseline associations 

between psychological functioning and weight/diet; (2) the relationship between baseline 

psychological functioning and changes in weight/diet; and (3) the relationship between changes 

in psychological functioning and changes in weight/diet. It was expected that poorer 

psychological functioning at baseline would be associated with higher BMIz and worse diet at 

baseline, as well as less improvement in BMIz and diet from pre- to post-intervention. It was 

also expected that less improvement in psychological functioning from baseline to post-

intervention would be associated with less improvement in BMIz and diet.  

Methods 

Participants and Procedure 

 Participants in both studies were children ages 5–12 with overweight/obesity (BMI > 

85th percentile) living in rural areas (a town or county with a population < 20,000). At least one 

parent or guardian participated in the study with each target child. Recruitment occurred in 

elementary schools across the rural Midwest, and written informed consent and assent were 

obtained from each parent/guardian and child participant respectively. In study 1, 57 children 

were randomized to receive either an 8-month family-based group intervention delivered using 

telemedicine technology (TM) or a standardized physician visit (PV). In study 2, 103 children 

were randomized to receive an 8-month family-based group intervention, delivered via 

telemedicine technology (TM) or telephone conference call (TP). See Table 1 for number of 

children in each intervention group. For the current study, only children ages 6–12 were 

included, as these are the valid ages for the Child Behavior Checklist/6–18, one of the primary 
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measures of interest. Therefore, a combined sample of 148 children from studies 1 and 2 were 

used for the current study.  

Detailed information about the two studies’ interventions is described elsewhere (Davis 

et al., 2015; Davis et al., 2013). In short, the PV intervention in study 1 represented an enhanced 

standard-of-care treatment in which children and families met with a primary care physician to 

discuss a standardized list of topics relevant to pediatric obesity. The TM interventions in 

studies 1 and 2 consisted of 8 weekly and 6 monthly sessions that covered behavior, nutrition 

and physical activity topics. Each session was held at participants’ elementary schools and the 

primary study interventionist (a clinician with at least a Master’s degree) led each session 

remotely via interactive televideo. The TP intervention in study 2 was equivalent to the TM 

intervention except the interventionist led each session remotely via conference call. Both 

studies were conducted with the approval of the University of Kansas Medical Center 

Institutional Review Board (IRB).   

Measures 

Measures were collected at two time points—pre-treatment baseline and post-treatment 

(approximately 8 months after baseline)—with the exception of demographics and maternal 

BMI, which were only collected at baseline.  

Demographics. The target child’s gender, age, grade level, race, ethnicity, and 

eligibility for receiving free or reduced lunch were collected, as well as information pertaining 

to maternal and paternal marital status, education status, occupation, and income level.  

BMIz and maternal BMI. Height and weight were measured by school nurses via a 

Harpenden Holtain stadiometer, Model 603 (Holtain, Crymych, UK) and a portable SECA 

digital scale (SECA, Hamburg, Germany). Height and weight were calculated as the average of 
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three independent measurements and used (along with age and gender) to determine BMIz, a 

standardized measure of adiposity commonly used in studies of pediatric obesity interventions 

(Janicke et al., 2008; Steele et al., 2012). Maternal height and weight were also measured using 

the stadiometer and scale and the standard formula was used to calculate adult BMI {[weight 

(lb) / height (in)2] x 703} for each mother.  

The Child Behavior Checklist/6–18 (CBCL). The CBCL (Achenbach, 1991; 

Achenbach, Rescorla, & Maruish, 2004) is a standardized measure that assesses parental report 

of child competencies and behavioral or emotional problems. Three broadband scores 

(internalizing, externalizing, and total problems) were utilized in the current analyses. The 

internalizing problems score includes items from the anxious/depressed, withdrawn/depressed, 

and somatic complaints subscales. The externalizing problems score includes items from the 

rule-breaking and aggressive behavior problems subscales. The total problems score includes 

items from the previously mentioned subscales plus the social, thought, and attention problems 

subscales. Raw scores were converted to standardized t-scores based on norms for children aged 

6–11 or 12–18. Higher scores are associated with more behavior problems and thus poorer 

psychological functioning. Established broadband score cut-offs indicating clinically significant 

symptoms include 60–63 for “borderline clinical” scores, and ≥64 for “clinical” scores 

(Achenbach et al., 2004). The CBCL has been shown to be a reliable and valid measure of 

psychological functioning; internal reliability estimates of all scale scores are .90 and all scales 

successfully discriminate between children referred and not referred for treatment for behavior 

problems (Achenbach et al., 2004). 

24-hour dietary recall. The 24-hour diet recall is a standardized three-pass method, 

developed by the US Department of Agriculture for use in national dietary surveillance. This 
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measure has been shown to be a valid and reliable representation of a child’s overall diet 

(Crawford, Obarzanek, Morrison, & Sabry, 1994). Trained Master’s and PhD level researchers 

gathered dietary recall data over the phone. Prior to the phone call, parents were asked to sit 

with their child and write down all food items consumed on two weekdays and one weekend 

day at each time point. Parents completed the phone recalls regarding their child’s diet for the 

three days using standardized procedures. All dietary data were analyzed using NDSR software 

version 2005 developed by the Nutrition Coordinating Center, University of Minnesota, 

Minneapolis, MN, USA. For the current study, at each time point, servings of fruits and 

vegetables (FV) and servings of red foods (>12 grams of sugar and/or >7 grams of fat; Epstein 

& Squires, 1988) were assessed. FV and red foods were chosen based on prior studies that have 

used similar variables when assessing the association between diet and psychological 

functioning (Oddy et al., 2009; Renzaho et al., 2011; Robinson et al., 2011).  

Data Analyses  

Change scores created by subtracting baseline from post-intervention scores represented 

the magnitude of change in the variables of interest (BMIz, FV, red foods, and CBCL scores). 

Negative change scores for BMIz, CBCL, and red foods signified improvement via a reduction 

in weight, a decrease in number or severity of behavior problems, and a decrease in intake of 

red foods respectively. A positive change score for FV signified improvement via increased 

average daily consumption of FV. Two-tailed tests of significance were used for all analyses 

with α = .05. Each analysis used all cases for which complete data was available.   

Preliminary analyses across both studies found no differences in outcomes between TM 

in study 1, TM in study 2, and TP in study 2. Therefore, a dichotomous “treatment-type” 

variable was created with two levels: group treatment (TM and TP combined) and PV. In an 
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independent samples t-test, a significant difference in BMIz change was found between group 

treatment (M = -0.005 ± 0.20) and PV (M = -0.17 ± 0.30). Therefore, treatment type was used as 

a covariate for analyses utilizing change scores.  

Frequencies, means, and standard deviations were calculated for descriptive purposes, 

and within-sample t-tests were run across the entire sample to assess for significant changes in 

CBCL and health variables (BMIz, FV, and red foods) from pre- to post-intervention. To 

determine bivariate associations, Pearson product-moment correlations were computed among 

CBCL baseline and change scores, health variables baseline and change scores, as well as 

treatment type and other covariates that were chosen based on previous research including 

gender (Golley, Magarey, Baur, Steinbeck, & Daniels, 2007), age (Danielsson, Kowalski, 

Ekblom, & Marcus, 2012), child eligibility for a free or reduced price school lunch (Lee, 2012), 

and maternal BMI (Zeller et al., 2007).  

Hierarchical multiple regression analyses were also conducted to test how CBCL scores 

were related to health variables (BMIz, FV, and red foods), adjusting for covariates. For each 

model, covariates were entered in step 1, and CBCL scores were entered in step 2. All models 

included age, gender, free/reduced lunch eligibility, and maternal BMI as covariates, and 

models with change scores as the outcome variables also included treatment type. First, to 

examine baseline associations between psychological functioning and weight/diet, two 

regression models were run with each of the three baseline health variables as outcomes: one 

with both CBCL internalizing and externalizing scores and one with only CBCL total scores 

entered in step 2. Similarly, to assess the relationship between baseline psychological 

functioning and change in weight/diet, two regression models were run with each of the three 

health variable change scores as outcomes: one with both CBCL internalizing and externalizing 
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scores and one with only CBCL total scores entered in step 2. Finally, to assess the relationship 

between change in CBCL scores and change in weight/diet, two regression models were run 

with each of the three health variable change scores as outcomes: one with both CBCL 

internalizing and externalizing scores and one with only CBCL total scores entered in step 2.  

While conducting initial analyses, the residuals for the models predicting baseline FV 

and red foods were found to be highly positively skewed, violating the assumption of normally 

distributed residuals. A log transformation of baseline FV and a square root transformation of 

baseline red foods achieved normality in the distribution of these variables. When these 

regression models were rerun, the assumption of normally distributed residuals was met. 

Correlational analyses were also rerun with these transformed variables.   

Categorical analyses were also run using descriptive statistics and independent samples 

t-tests to determine whether children with baseline CBCL scores in the borderline and clinical 

range (≥60; simply called “clinical” for the purpose of this study) displayed different outcomes 

in terms of baseline and change in weight/diet compared with children whose baseline CBCL 

scores were in the subclinical range (<60). Exploratory categorical analyses were also 

conducted to determine whether categories of change in CBCL scores (total only) predicted 

degree of change in BMIz. Children were categorized based on whether their CBCL total scores 

were 1) subclinical at baseline and follow-up, 2) clinical at baseline and follow-up, 3) 

subclinical at baseline and clinical at follow-up, and 4) clinical at baseline and subclinical at 

follow-up. To account for random error, a reliable change index (RCI) score was calculated to 

determine the degree of change in total score that was necessary to be considered valid 

(Jacobson & Truax, 1991). Based on the RCI calculation, a magnitude of change in CBCL total 

score of at least ±4.68 was necessary for a post-intervention change in clinical category to be 
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considered valid. Because of the vast differences in sample size between the four categories of 

change (described in results), only descriptive analyses were conducted.  

  Results 

Descriptives 

 Table I lists the characteristics of the sample. Representing the population from which 

they were drawn, a large majority identified as white or part-white (91.9%) and a sizeable 

portion of children were eligible for free or reduced lunch (38.5%). The majority of 

participants’ mothers were married (70.9%) with at least a college level education (71.0%), and 

average maternal BMI was within the obese range (>30).  

Table II lists sample characteristics related to psychological functioning, weight, and 

diet. Mean CBCL internalizing, externalizing, and total scores were in the subclinical range at 

baseline and showed a statistically significant decrease at follow-up (ps < .001). The Cohen’s d 

effect sizes for these changes in CBCL scores were in the small to moderate range (from d = 

0.36 to d = 0.44). The majority of participants were in the subclinical category for internalizing, 

externalizing, and total CBCL scores at baseline (75.7–81.1%) and this percentage increased at 

8 months (83.2–88.2%). Average BMIz at baseline (M = 1.75 ± 0.46) and 8 months (M = 1.72 ± 

0.50) were in the obese range (>95th percentile) and pre- to post-intervention changes in BMIz 

was not significant (M = -0.03 ± 0.23, n = 131). Consumption of FV was similar between 

baseline (M = 3.78 ± 1.90) and 8 months (M = 3.71 ± 1.59), and increase in FV during the 

intervention was not significant (M = 0.03 ± 1.87, n = 111). Finally, a decrease in red foods was 

seen between baseline (M = 6.93 ± 2.52) and 8 months (M = 6.01 ± 2.36), and this decrease in 

red foods (M = -0.63 ± 2.35, n = 110) was statistically significant, t(109) = 2.83, p < .01, with a 

small effect size (d = 0.27).  
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Correlational Analyses 

 Among baseline variables, no significant bivariate correlations emerged between CBCL 

scores and BMIz, FV, or red foods. A significant correlation was noted between gender and red 

foods (square root transformed, rpb = -.23, p < .01) in which males ate more red foods per day at 

baseline (M = 7.50 ± 2.78) than females (M = 6.27 ± 2.01). Maternal BMI was also significantly 

correlated with BMIz and FV in that higher maternal BMI was associated with higher BMIz (r 

= .30, p < .01) and lower FV (log transformed, r = -.22, p < .01) at baseline.  

Neither baseline CBCL scores nor change in CBCL scores was significantly correlated 

with change scores in health variables. However, a significant positive relationship emerged 

between age and change in CBCL internalizing (r = .22, p < .05), externalizing (r = .24, p < 

.01), and total (r = .27, p < .01) scores. In other words, as age increased, CBCL scores were 

more likely to worsen from baseline to follow-up. Additionally, a significant positive 

relationship between maternal BMI and FV change (r = .22, p < .05) indicated that higher 

maternal BMI was related to greater increases in FV from baseline to follow-up (despite the 

negative association between these variables at baseline). A significant positive correlation also 

emerged between change in red foods and change in BMIz (r = .19, p < .05) such that 

increasing red foods was associated with increasing BMIz scores.  

Regression Analyses  

2-step hierarchical regression models were run to determine whether baseline CBCL 

scores predicted baseline health variables (BMIz, log transformed FV, and square root 

transformed red foods), as well as and change in health variables (BMIz, FV, and red foods). 

Table III presents the results of the hierarchical regression models with the first step including 



15 
 

 

the chosen covariates and the second step including CBCL internalizing and externalizing 

scores.  

In terms of baseline health variables, the step 1 models were only significant in 

predicting BMIz scores (p < .01) and log transformed FV (p < .05), and approached significance 

for predicting square root transformed red foods (p = .053). Maternal BMI was a significant 

predictor of BMIz (β = .29, p < .001) and log transformed FV (β = -.23, p < .01), while gender 

was a significant predictor of square root transformed red foods (β = -.23, p < .01). When 

baseline CBCL internalizing and externalizing scores were entered in the second step to predict 

BMIz, the overall model remained significant (p < .01). While the increase in the amount of 

variance explained by the CBCL scores was not significant (ΔR2 = .02, p = .16), internalizing 

scores approached significance as an independent predictor (β = .19, p = .056) and maternal 

BMI continued to be a significant predictor (β = .30, p < .001). In other words, higher maternal 

BMI predicted higher BMIz and there was a trend towards higher internalizing CBCL scores 

predicting higher BMIz scores. Unlike with BMIz, the overall model for predicting log 

transformed FV became non-significant when CBCL scores were entered (p = .065), although 

maternal BMIz remained a significant predictor (β = -.23, p < .01) such that higher maternal 

BMI was associated with a lower FV consumption. Finally, when CBCL internalizing and 

externalizing scores were added to the model predicting square root transformed red foods, the 

overall model became significant (p < .05), the amount of variance explained by the addition of 

CBCL scores approached significance (ΔR2 = .042, p = .055), and both gender (β = -.25, p < 

.01) and CBCL externalizing scores (β = .25, p < .05) were significant predictors. In other 

words, being male and having worse externalizing symptoms was associated with higher 

consumption of red foods. 
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  With changes in health indicators as the outcome variables, none of the step 1 models 

(including gender, age, free/reduced lunch eligibility, maternal BMI, and treatment type) were 

significant. The addition of baseline CBCL internalizing and externalizing scores in the second 

step did not add a significant amount of variance to any of the models, and the overall models 

remained non-significant. However, maternal BMI (β = .18, p < .05) and treatment type (β = 

.19, p < .05) made significant contributions to the model predicting BMIz change such that 

higher maternal BMI and being assigned to a group treatment condition was associated with less 

weight loss success pre- to post-intervention. Additionally, maternal BMI made a significant 

contribution to predicting change in FV (β = .23, p < .05) such that higher maternal BMI was 

associated with children greater increases in FV intake from pre- to post-intervention. Similarly, 

the addition of CBCL internalizing and externalizing change scores in the second step did not 

add a significant amount of variance to any of the models, nor were any of the overall models 

significant. The only coefficient in any of these models that was significant was maternal BMI 

(β = .25, p < .05) predicting change in FV; similarly to the model with baseline CBCL 

internalizing and externalizing scores, higher maternal BMI predicted greater increases in FV 

inake.  

 For all models, when CBCL total score was added as the second step instead of CBCL 

internalizing and externalizing scores, CBCL total scores did not account for a significant 

amount of added variance for any of the models, and never trended towards or emerged as a 

significant independent predictor of any of the health variables (ps > .10). There were no 

changes in the direction or magnitude of the findings compared to models that included 

internalizing and externalizing symptoms, except that when predicting baseline square root 

transformed red foods; the model with baseline CBCL internalizing and externalizing was 
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significant (p < .05), while the model with baseline CBCL total scores was not, F(5, 128) = 

2.08, p = .07.  

Categorical Analyses  

Results of categorical analyses comparing baseline clinical and subclinical CBCL scores 

on health outcomes (baseline and change) are presented in Table IV. A statistically significant 

difference emerged in which children with clinical internalizing scores (M = 1.90 ± 0.49) had 

significantly higher baseline BMIz compared to children with subclinical internalizing scores 

(M = 1.70 ± 0.44), t(145) = 2.30, p < .05. Cohen’s effect size value (d = .43) suggested a small 

to medium difference. Similarly, children with clinical CBCL total scores (M = 1.87 ± 0.47) had 

higher baseline BMIz compared with subclinical total scores (M = 1.87 ± 0.47). This difference 

trended towards significance (p = .09) with a small effect size (d = .35). No differences between 

children with clinical versus subclinical baseline internalizing scores were found on change in 

BMIz from pre- to post-intervention. However, children with subclinical CBCL total and 

externalizing scores at baseline showed slight decreases in BMIz, while children with clinical 

CBCL total and externalizing scores showed slight increases. Although neither difference was 

statistically significant, effect sizes (d = 0.30 and d = 0.39) indicate a small difference between 

these two groups. 

Regarding baseline FV consumption, no differences emerged between subclinical and 

clinical CBCL scores. Regarding FV change, however, a higher pre- to post-intervention 

increase in FV intake was noted in children with subclinical internalizing scores (M = 0.17 ± 

2.15) compared with children with clinical internalizing scores (M = -0.06 ± 1.82), and this 

difference, although not statistically significant, showed a small effect size (d = .26). While 

assessing baseline red food consumption, a statically significant difference emerged among 
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externalizing scores in which children with clinical baseline externalizing scores (M = 8.03 ± 

2.07) ate significantly more servings of red foods compared to children with subclinical scores 

(M = 6.66 ± 2.31), t(139) = 2.63, p < .05. Cohen’s effect size value (d = .50) indicates a 

moderate difference between these two groups. Similarly, children with clinical CBCL total 

scores (M = 7.43 ± 2.70) ate more servings of red foods compared with those subclinical total 

scores (M = 6.79 ± 2.47). This difference was not statistically significant and displayed a small 

effect size (d = .25). When post-intervention changes in red foods were assessed between 

baseline clinical versus subclinical CBCL scores, a different pattern emerged in which children 

with clinical CBCL scores decreased their red food consumption to a greater degree than 

children with subclinical scores. However, only in externalizing scores did the greater decrease 

in red foods between children with clinical (M = -1.47 ± 2.15) versus subclinical scores (M = -

0.47 ± 2.37) trend towards statistical significance (p < .10) with a small to moderate effect size 

(d = .44) 

When categorizing children by pattern of change in CBCL total scores, the majority of 

children were subclinical at baseline and remained subclinical at follow-up (n = 92, 79.3%). Far 

fewer children had scores that were clinical at baseline and follow-up (n = 16, 13.8%) or scores 

that were clinical at baseline and subclinical at follow-up (n = 8, 6.9%). No children had 

subclinical scores at baseline that became clinical at follow-up. Two of these categories showed 

slight decreases in BMIz from baseline to follow-up: children who had subclinical CBCL scores 

at baseline and follow-up (M = -0.05 ± 0.23), as well as children who changed from clinical to 

subclinical from baseline to follow-up (M = -0.04 ± 0.14, respectively). Conversely, children 

who had clinical scores at baseline and follow-up showed a slight increase in BMIz (M = 0.08 ± 

0.27). Although statistical significance was not tested, the effect sizes of the differences 
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between the children who had consistently clinical symptoms compared with the children who 

remained or became subclinical were large (d = .80 and d = 1.08 respectively). 

Discussion 

The overall aim of the current study was to assess whether psychological functioning in 

terms of internalizing, externalizing, and total behavior problems influenced health outcomes 

related to weight (BMIz) and diet (FV and red foods) in rural children participating in family-

based pediatric obesity interventions. To address this aim, analyses focused on (1) baseline 

associations between psychological functioning and weight/diet; (2) the relationship between 

baseline psychological functioning and pre- to post-intervention changes in weight/diet; and (3) 

the relationship between pre- to post-intervention changes in psychological functioning and pre- 

to post-intervention changes in weight/diet. 

Baseline Associations between Psychological Functioning and Weight/Diet 

Focusing on baseline associations between psychological functioning and weight, 

findings revealed a linear trend that approached significance in which greater severity of 

internalizing symptoms was associated with higher BMIz at baseline. This finding is consistent 

with previous studies in urban children that also included children with a normal weight (Bell et 

al., 2007; Gibson et al., 2008). However, other studies of children with overweight/obesity have 

found either no relationship between severity of overweight/obesity and severity of internalizing 

symptoms (Epstein, Myers, & Anderson, 1996; Favaro & Santonastaso, 1995) or a relationship 

in the opposite direction, with higher weight associated with a lower risk of the internalizing 

symptom depression (Vila et al., 2004). Comparatively, the current study’s findings indicate 

that in rural children, increasing BMIz—even if it within the same weight category—is 

associated with increasing severity of internalizing symptoms. This linear relationship was 
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corroborated by the fact that children with clinically significant internalizing symptoms had a 

significantly higher BMIz at baseline compared with children with subclinical symptoms. 

Findings also suggested a trend in which children with clinically significant total behavior 

problems had a higher baseline BMIz compared with children without such problems. 

Additional research is needed to determine whether internalizing symptoms primarily 

contributed to this difference in BMIz between rural children with and without clinically 

significant total behavior problems or whether other types of behavioral issues also played a 

role. Although current results do not support an association between externalizing symptoms 

and BMIz, other behavioral problems may influence differences in BMIz among rural children, 

including peer relationship difficulties and attention problems. In fact, previous findings with 

urban samples have indicated a significant relationship between severity of social problems 

(Drukker et al., 2009; Vila et al., 2004) or attention problems (Erhart et al., 2012; Eschenbeck et 

al., 2009) and weight or adiposity.  

It is important to note that despite the association between clinically significant behavior 

problems and BMIz, the majority of children in the current study did not show such behavior 

problems. However, findings do suggest that children with clinically significant behavior 

problems have a higher BMIz when compared to their counterparts with subclinical symptoms. 

Previous research proposes several mechanisms explaining the link between weight and 

behavior problems. Biologically, hormones that regulate emotion also play a role in influencing 

hunger, satiety, and weight gain (Goossens, Braet, Van Vlierberghe, & Mels, 2009; Maxwell & 

Cole, 2009). Environmental factors may also play a role. For instance, prior research suggests 

that stress and depression are higher among parents with lower socioeconomic status (SES), 

which in turn limits their ability to provide emotional support and positive role modeling, and 
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leads to increased risk of behavior problems and obesity among their children and adolescents 

(Schreier & Chen, 2013). Although eligibility for free or reduced lunch was not correlated with 

behavior problems or BMIz, the role of other aspects of SES such as income or parental 

education level should be examined. Levels of parental stress and depression should also be 

examined. 

 Findings regarding baseline associations between psychological functioning and diet 

revealed that a greater severity of externalizing symptoms was significantly associated with 

higher consumption of red foods. Similarly, children with clinically significant externalizing 

symptoms consumed significantly more servings of red foods compared to children with 

subclinical symptoms. This positive association between red foods and severity of externalizing 

symptoms is consistent with studies of urban children that did not take weight status into 

account (Oddy et al., 2009; Oellingrath et al., 2014; Robinson et al., 2011), and suggests that the 

relationship between externalizing symptoms and high fat/sugar foods is salient even in a 

specific population of rural children with overweight or obesity. Conversely, the current study 

did not find any differences in red food consumption between subclinical and clinical levels of 

internalizing symptoms. This finding is inconsistent with previous research that reports a 

positive relationship between internalizing symptoms and red food intake (Jacka et al., 2011; 

Robinson et al., 2011; Weng et al., 2012). However, additional research is needed with normal 

weight children to determine whether red foods predict differences in internalizing symptoms 

between rural children who are normal weight and rural children who are overweight or obese. 

Finally, unlike with red foods, no meaningful associations between FV intake and psychological 

functioning at baseline were found. Previous research with urban children has found that greater 

emotional symptoms (e.g., sadness, worry, etc.) were associated with consuming fewer servings 
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of fruits, while greater emotional symptoms in girls (but not boys) were associated with 

consuming fewer servings of vegetables. In this same study, no associations were found 

between conduct problems and FV consumption but a higher degree of pro-social behavior was 

associated with consuming more FV (Renzaho et al., 2011). Given these prior findings, further 

research is needed to determine whether a relationship between behavior problems and FV 

consumption exists when interaction with gender is assessed or when more specific measures of 

behavior problems are used, such as pro-social behavior.  

Relationship between Baseline Psychological Functioning and Changes in Weight/Diet  

Although findings did not indicate a linear relationship between psychological 

functioning and BMIz, categorical comparisons revealed non-significant, yet meaningful 

differences (in terms of effect sizes) between children with and without clinically significant 

behavior problems at baseline. Specifically, children with clinical levels of externalizing and 

total behavior problems at baseline were less successful in terms of weight loss compared with 

children who had subclinical levels of these behavior problems. Prior research of pediatric 

obesity interventions for urban children has shown mixed results when examining whether 

baseline psychological functioning is related to weight management success. Similarly to the 

current study, significant findings may be more likely to emerge when categorical associations 

are examined (as opposed to continuous). For example, one study of an inpatient pediatric 

obesity treatment found that while baseline eating disorder symptomatology predicted worse 

weight loss outcomes, internalizing and externalizing symptoms did not (Braet, 2006). 

Conversely, another study found that children with fewer total behavior problems (–1 SD of 

total CBCL score) were more successful at preventing weight gain than children with more 

behavior problems (+1 SD of total CBCL score) during the maintenance phase of a family-
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based weight management program (Goldschmidt et al., 2014). These previous findings 

corroborate with current findings and suggest that prior to the start of a pediatric obesity 

intervention, rural children should be assessed for psychological problems and categorized 

based on score cut-offs. This would allow children who are less likely to benefit from a standard 

pediatric obesity treatment due to psychological issues to receive more intensive or alternative 

treatments. For example, in the current study, clinically significant scores on externalizing 

symptoms—which indicate the presence of rule-breaking and aggressive behaviors—may have 

prevented children from making the behavior changes necessary to activate weight loss. Further 

research is needed to determine whether assessing for and treating externalizing behavior 

problems before or soon after starting a weight management intervention could lead to greater 

weight loss and more dietary changes.    

As with weight-related findings, no significant linear relationships were found between 

baseline psychological functioning and post-intervention changes in diet. However, categorical 

analyses revealed a trend in which greater increases in FV intake were found in children with 

subclinical internalizing symptoms compared with children with clinical internalizing 

symptoms. Although not statistically significant in the current sample, the effect size of this 

trend revealed a meaningful difference and suggests that rural children with fewer internalizing 

symptoms may be more receptive to increasing consumption of fruits and vegetables during a 

pediatric obesity intervention. Nevertheless, it is important to note that average fruit and 

vegetable consumption at baseline and post-intervention within the current sample was low, 

falling below expert recommendations of five servings per day (Ahmed & Blumberg, 2009). In 

fact, even among children who were psychologically healthy at baseline, improvement in fruit 

and vegetable consumption during the intervention was not enough for average daily 
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consumption to exceed five servings. Therefore, the current study’s findings suggest that 

additional work is needed to identify factors associated with fruit and vegetable intake in rural 

children.  

Study findings also revealed that across the entire sample, consumption of red foods 

significantly declined. Unexpectedly, greater decreases in red food intake were found in 

children with clinically significant externalizing and total behavior problems at baseline 

compared to children with subclinical symptoms. Although this finding could conceivably be 

due to regression towards the mean, an alternative possibility is that parents who reported more 

behavior problems in their child may have believed that consumption of high fat/sugar foods 

contributed to their child’s behavior problems. Therefore, these parents may have been more 

motivated to help their child improve their diet. Conversely, clinically significant internalizing 

symptoms at baseline were not associated with greater decreases in intake of red foods, possibly 

because internalizing symptoms are less disruptive to others and are less likely to be attributed 

to unhealthy foods. Future research should assess the extent to which rural parents believe that 

their child’s diet contributes to their behavior problems and determine whether this predicts 

post-intervention improvements in diet. It is also important to note that despite increases in red 

food intake pre- to post-intervention, at both time points children on average were eating 

between six and seven servings of red foods per day. In contrast, the meal plan taught during the 

telemedicine and telephone interventions recommends no more than four red foods a week 

(Epstein & Squires, 1988). Rural children face various unique barriers that increase the risk of 

poor nutrition overall (Tai-Seale & Chandler, 2010), and current results regarding red foods as 

well as fruit and vegetable consumption suggest that more intensive interventions are needed to 

improve dietary intake among rural children with overweight/obesity.  
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Relationship between Changes in Psychological Functioning and Weight/Diet Change 

No continuous associations were found between changes in behavior problems and 

changes in BMIz or diet. Research has been mixed in terms of whether psychological changes 

during interventions affect changes in weight-related outcomes. For example, studies of family-

based pediatric obesity programs have found that improvement in internalizing symptoms was 

not associated with weight change pre- to post-intervention (Levine et al., 2001; Wadden et al., 

1990). In another study, a decrease in percent overweight accounted for improvement in 

internalizing problems related to somatic complaints as well as improvement in overall behavior 

problems in girls only (M. D. Myers et al., 1998). However, no association was found between 

decrease in percent overweight and internalizing symptoms overall, and boys with greater 

reductions in percent overweight showed less improvement in externalizing problems. Based on 

these findings in urban children, further research with rural children is needed that examines 

how gender interacts with the relationship between pre- to post-intervention changes in 

psychological symptoms and changes in health outcomes. Future research should also 

investigate whether pre- to post-intervention changes in health outcomes are predicted by other 

aspects of psychological functioning such as eating disorder symptomatology and somatic 

symptoms. Examining eating disorder symptomatology may be particularly useful based on the 

results from one study of rural children participating in a family-based obesity intervention. 

Specifically, these children reported high rates of disordered eating attitudes and unhealthy 

weight-control behaviors, and these symptoms were associated with worse overall and 

emotional HRQOL (Gowey et al., 2014).  

Finally, categorical analyses indicated that children whose total behavior problems were 

clinical at baseline and follow-up had worse weight-loss outcomes compared to children whose 
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total behavior problems either stayed subclinical pre- to post-intervention or improved from 

clinical to subclinical. Although statistical significance could not be established, the effect sizes 

of the differences between these groups were large to very large. This finding suggests that 

providing psychological support to rural children with clinically significant behavior problems 

prior to and while participating in pediatric obesity interventions may maximize weight loss 

outcomes, particularly if their symptoms could be improved to a subclinical level. Ultimately, 

additional research with larger samples from rural and urban areas is needed to determine 

whether this pattern of results replicates and is statistically significant.  

Limitations 

 Several limitations are important to note. First, the sample size was small considering 

the number of variables included in regression models and the study may not have been 

powered identify all meaningful continuous and categorical associations. In particular, many 

effect sizes of the differences in health outcomes between children with and without clinical 

behavior problems were small to medium, indicating the possibility that with a larger sample 

size, statistically significant differences may have emerged. Sample sizes within certain 

analyses were also limited due to different patterns of missing data, which were not a result of 

participant drop out. Specifically, a low percentage of participants (8.1%) either dropped out or 

were considered “non-completers” (attended <50% of intervention sessions). However, because 

some data needed to be collected over the phone (dietary recalls) or by mail (CBCL), much of 

the data was simply missing due to logistical issues such as participants not responding to phone 

calls or forgetting to return surveys. 

Furthermore, because of limited sample sizes, analyses to determine whether particular 

variables moderated or mediated the relationships between psychological functioning and 
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weight/diet were not conducted. For example, correlational analyses in the current study found a 

notable association between age and change in psychological functioning in the current sample 

such that as age increased, behavior problems were more likely to worsen from baseline to post-

intervention. This may be because older children are more acutely aware of their weight than 

younger children and are more likely to feel shame or embarrassment or act out in negative 

ways in reaction to being in a program targeting their weight. As previous studies have found 

that older children are less likely to respond to pediatric obesity interventions than younger 

children (Eschenbeck et al., 2009), future research should investigate whether an increase in 

behavioral symptoms may be a main mechanism by which this age difference exists in rural 

children participating in pediatric obesity interventions. However, it should also be noted that 

categorical analyses indicated that no children went from having subclinical to clinical total 

behavior problems, so these increases in behavior problems by age may not be clinically 

meaningful. Future research should utilize larger sample sizes to incorporate analyses of 

interactions.  

Finally, although reflective of the rural Midwest, the current study’s sample was 

predominantly white, and thus findings may not replicate in more diverse samples. 

Additionally, maternal education level was relatively high in the current sample, likely because 

many of the child participants were children of teachers and faculty within the elementary 

schools where the interventions were delivered. Perhaps because of the high education levels, 

the percentage of children with eligibility for free or reduced lunch was relatively low (38.5%) 

compared to the average rate for rural counties in Kansas (~51%; The Annie E. Casey 

Foundation, 2015). Therefore, results of the current study may not replicate in rural areas with 

higher levels of poverty and lower levels of parental education.  
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Conclusions and Future Directions 

The current study adds to the literature as few previous studies have investigated the 

association between psychological functioning and weight/diet in rural children specifically, 

particularly within the context of pediatric obesity interventions. Furthermore, few studies of 

pediatric obesity interventions within any pediatric population have investigated whether 

psychological functioning before and during the intervention influences health outcomes, and 

none has done so with a sample of rural children only. Several baseline findings support the fact 

that psychological functioning, particularly in regards to internalizing and externalizing 

symptoms, may predict various health outcomes in rural children, especially BMIz and red 

foods respectively. Additionally, associations between psychological functioning and changes 

in health outcomes suggest that assessing rural children for psychological programs may help 

predict which children are more successful in terms of weight loss and dietary changes in a 

family-based pediatric obesity intervention.  However, additional research is needed with longer 

term follow-up, inclusion of normal weight children to better assess continuous relationships 

between psychological functioning and health outcomes, and inclusion of urban samples to 

compare findings and better inform how interventions could be adapted depending on which 

population is being targeted.  

 

 

 

 

 

 



29 
 

 

References 

Achenbach, T. M. (1991). Manual for the Child Behavior Checklist/4-18 and 1991 profile: 

Department of Psychiatry, University of Vermont Burlington, VT. 

Achenbach, T. M., Rescorla, L. A., & Maruish, M. (2004). The Achenbach system of 

empirically based assessment (ASEBA) for ages 1.5 to 18 years. Maruish ME. The Use 

of Psychological Testing for Treatment Planning and Outcomes Assessment, 2, 179-213.  

Ahmed, S., & Blumberg, J. (2009). Dietary guidelines for Americans 2010. Nutr Rev, 67, 615-

623.  

Barlow, S. E., & Expert Committee. (2007). Expert committee recommendations regarding the 

prevention, assessment, and treatment of child and adolescent overweight and obesity: 

summary report. Pediatrics, 120 Suppl 4, S164-192. doi: 10.1542/peds.2007-2329C 

Bell, L. M., Byrne, S., Thompson, A., Ratnam, N., Blair, E., Bulsara, M., . . . Davis, E. A. 

(2007). Increasing body mass index z-score is continuously associated with 

complications of overweight in children, even in the healthy weight range. J Clin 

Endocrinol Metab, 92(2), 517-522. doi: 10.1210/jc.2006-1714 

Bevans, K. B., Fitzpatrick, L. A., Sanchez, B. M., Riley, A. W., & Forrest, C. (2010). Physical 

education resources, class management, and student physical activity levels: a structure-

process-outcome approach to evaluating physical education effectiveness. J Sch Health, 

80(12), 573-580. doi: 10.1111/j.1746-1561.2010.00544.x 

Braet, C. (2006). Patient characteristics as predictors of weight loss after an obesity treatment 

for children. Obesity (Silver Spring), 14(1), 148-155. doi: 10.1038/oby.2006.18 



30 
 

 

Braet, C., Mervielde, I., & Vandereycken, W. (1997). Psychological aspects of childhood 

obesity: a controlled study in a clinical and nonclinical sample. J Pediatr Psychol, 22(1), 

59-71.  

Brewis, A. (2003). Biocultural aspects of obesity in young Mexican schoolchildren. Am J Hum 

Biol, 15(3), 446-460. doi: 10.1002/ajhb.10161 

Crawford, P. B., Obarzanek, E., Morrison, J., & Sabry, Z. I. (1994). Comparative advantage of 

3-day food records over 24-hour recall and 5-day food frequency validated by 

observation of 9- and 10-year-old girls. J Am Diet Assoc, 94(6), 626-630.  

Crooks, D. L. (2000). Food consumption, activity, and overweight among elementary school 

children in an Appalachian Kentucky community. Am J Phys Anthropol, 112(2), 159-

170. doi: 10.1002/(sici)1096-8644(2000)112:2<159::aid-ajpa3>3.0.co;2-g 

Danielsson, P., Kowalski, J., Ekblom, O., & Marcus, C. (2012). Response of severely obese 

children and adolescents to behavioral treatment. Arch Pediatr Adolesc Med, 166(12), 

1103-1108. doi: 10.1001/2013.jamapediatrics.319 

Davis, A. M., Bennett, K. J., Befort, C., & Nollen, N. (2011). Obesity and related health 

behaviors among urban and rural children in the United States: data from the National 

Health And Nutrition Examination Survey 2003-2004 and 2005-2006. J Pediatr 

Psychol, 36(6), 669-676. doi: 10.1093/jpepsy/jsq117 

Davis, A. M., Daldalian, M. C., Mayfield, C. A., Dean, K., Black, W. R., Sampilo, M. L., . . . 

Suminski, R. (2013). Outcomes from an Urban Pediatric Obesity Program Targeting 

Minority Youth: The Healthy Hawks Program. Childhood Obesity, 9(6), 492-500. doi: 

http://dx.doi.org/10.1089/chi.2013.0053 



31 
 

 

Davis, A. M., James, R. L., Curtis, M. R., Felts, S. M., & Daley, C. M. (2008). Pediatric obesity 

attitudes, services, and information among rural parents: a qualitative study. Obesity 

(Silver Spring), 16(9), 2133-2140. doi: 10.1038/oby.2008.312 

Davis, A. M., Sampilo, M., Gallagher, K. S., Dean, K., Saroja, M. B., Yu, Q., . . . Sporn, N. 

(2015). Treating rural paediatric obesity through telemedicine vs. telephone: Outcomes 

from a cluster randomized controlled trial. J Telemed Telecare. doi: 

10.1177/1357633x15586642 

Davis, A. M., Sampilo, M., Gallagher, K. S., Landrum, Y., & Malone, B. (2013). Treating rural 

pediatric obesity through telemedicine: outcomes from a small randomized controlled 

trial. J Pediatr Psychol, 38(9), 932-943. doi: 10.1093/jpepsy/jst005 

DeBar, L. L., Stevens, V. J., Perrin, N., Wu, P., Pearson, J., Yarborough, B. J., . . . Lynch, F. 

(2012). A Primary Care–Based, Multicomponent Lifestyle Intervention for Overweight 

Adolescent Females. Pediatrics, 129(3), e611-e620. doi: 10.1542/peds.2011-0863 

Drukker, M., Wojciechowski, F., Feron, F. J., Mengelers, R., & Van Os, J. (2009). A 

community study of psychosocial functioning and weight in young children and 

adolescents. Int J Pediatr Obes, 4(2), 91-97. doi: 10.1080/17477160802395442 

Duffy, G., & Spence, S. H. (1993). The effectiveness of cognitive self-management as an 

adjunct to a behavioural intervention for childhood obesity: a research note. J Child 

Psychol Psychiatry, 34(6), 1043-1050.  

Epstein, L. H., McKenzie, S. J., Valoski, A., Klein, K. R., & Wing, R. R. (1994). Effects of 

mastery criteria and contingent reinforcement for family-based child weight control. 

Addict Behav, 19(2), 135-145.  



32 
 

 

Epstein, L. H., Myers, M. D., & Anderson, K. (1996). The association of maternal 

psychopathology and family socioeconomic status with psychological problems in obese 

children. Obes Res, 4(1), 65-74.  

Epstein, L. H., Paluch, R. A., Beecher, M. D., & Roemmich, J. N. (2008). Increasing healthy 

eating vs. reducing high energy-dense foods to treat pediatric obesity. Obesity (Silver 

Spring), 16(2), 318-326. doi: 10.1038/oby.2007.61 

Epstein, L. H., Paluch, R. A., Gordy, C. C., Saelens, B. E., & Ernst, M. M. (2000). Problem 

solving in the treatment of childhood obesity. J Consult Clin Psychol, 68(4), 717-721.  

Epstein, L. H., Paluch, R. A., Kilanowski, C. K., & Raynor, H. A. (2004). The effect of 

reinforcement or stimulus control to reduce sedentary behavior in the treatment of 

pediatric obesity. Health Psychol, 23(4), 371-380. doi: 10.1037/0278-6133.23.4.371 

Epstein, L. H., & Squires, S. (1988). The stoplight diet for children. New York, NY: Little 

Brown & Co. 

Erhart, M., Herpertz-Dahlmann, B., Wille, N., Sawitzky-Rose, B., Holling, H., & Ravens-

Sieberer, U. (2012). Examining the relationship between attention-deficit/hyperactivity 

disorder and overweight in children and adolescents. Eur Child Adolesc Psychiatry, 

21(1), 39-49. doi: 10.1007/s00787-011-0230-0 

Eschenbeck, H., Kohlmann, C. W., Dudey, S., & Schurholz, T. (2009). Physician-diagnosed 

obesity in German 6- to 14-year-olds. Prevalence and comorbidity of internalising 

disorders, externalising disorders, and sleep disorders. Obes Facts, 2(2), 67-73. doi: 

10.1159/000209987 



33 
 

 

Favaro, A., & Santonastaso, P. (1995). Effects of parents' psychological characteristics and 

eating behaviour on childhood obesity and dietary compliance. J Psychosom Res, 39(2), 

145-151.  

Gibson, L. Y., Byrne, S. M., Blair, E., Davis, E. A., Jacoby, P., & Zubrick, S. R. (2008). 

Clustering of psychosocial symptoms in overweight children. Aust N Z J Psychiatry, 

42(2), 118-125. doi: 10.1080/00048670701787560 

Goldschmidt, A. B., Best, J. R., Stein, R. I., Saelens, B. E., Epstein, L. H., & Wilfley, D. E. 

(2014). Predictors of child weight loss and maintenance among family-based treatment 

completers. J Consult Clin Psychol, 82(6), 1140-1150. doi: 10.1037/a0037169 

Golley, R. K., Magarey, A. M., Baur, L. A., Steinbeck, K. S., & Daniels, L. A. (2007). Twelve-

Month Effectiveness of a Parent-led, Family-Focused Weight-Management Program for 

Prepubertal Children: A Randomized, Controlled Trial. Pediatrics, 119(3), 517-525. doi: 

10.1542/peds.2006-1746 

Goossens, L., Braet, C., Van Vlierberghe, L., & Mels, S. (2009). Weight parameters and 

pathological eating as predictors of obesity treatment outcome in children and 

adolescents. Eat Behav, 10(1), 71-73. doi: 10.1016/j.eatbeh.2008.10.008 

Gowey, M. A., Lim, C. S., Clifford, L. M., & Janicke, D. M. (2014). Disordered eating and 

health-related quality of life in overweight and obese children. J Pediatr Psychol, 39(5), 

552-561. doi: 10.1093/jpepsy/jsu012 

Hendryx, M. S. (1993). Rural hospital health promotion: programs, methods, resource 

limitations. J Community Health, 18(4), 241-250.  

Heneghan, A. M., & Malakoff, M. E. (1997). Availability of school health services for young 

children. J Sch Health, 67(8), 327-332.  



34 
 

 

Irby, M. B., Boles, K. A., Jordan, C., & Skelton, J. A. (2012). TeleFIT: adapting a 

multidisciplinary, tertiary-care pediatric obesity clinic to rural populations. Telemed J E 

Health, 18(3), 247-249. doi: 10.1089/tmj.2011.0117 

Jacka, F. N., Kremer, P. J., Berk, M., de Silva-Sanigorski, A. M., Moodie, M., Leslie, E. R., . . . 

Swinburn, B. A. (2011). A prospective study of diet quality and mental health in 

adolescents. PLoS One, 6(9), e24805. doi: 10.1371/journal.pone.0024805 

Jacka, F. N., Rothon, C., Taylor, S., Berk, M., & Stansfeld, S. A. (2013). Diet quality and 

mental health problems in adolescents from East London: a prospective study. Soc 

Psychiatry Psychiatr Epidemiol, 48(8), 1297-1306. doi: 10.1007/s00127-012-0623-5 

Jacobson, N. S., & Truax, P. (1991). Clinical significance: a statistical approach to defining 

meaningful change in psychotherapy research. Journal of Consulting and Clinical 

Psychology, 59(1), 12.  

Janicke, D. M., Sallinen, B. J., Perri, M. G., Lutes, L. D., Huerta, M., Silverstein, J. H., & 

Brumback, B. A. (2008). Comparison of parent-only vs family-based interventions for 

overweight children in underserved rural settings: Outcomes from project story. 

Archives of Pediatrics & Adolescent Medicine, 162(12), 1119-1125. doi: 

10.1001/archpedi.162.12.1119 

Janicke, D. M., Steele, R. G., Gayes, L. A., Lim, C. S., Clifford, L. M., Schneider, E. M., . . . 

Westen, S. (2014). Systematic review and meta-analysis of comprehensive behavioral 

family lifestyle interventions addressing pediatric obesity. J Pediatr Psychol, 39(8), 809-

825. doi: 10.1093/jpepsy/jsu023 



35 
 

 

Johnson, R. K., Johnson, D. G., Wang, M. Q., Smiciklas-Wright, H., & Guthrie, H. A. (1994). 

Characterizing nutrient intakes of adolescents by sociodemographic factors. J Adolesc 

Health, 15(2), 149-154.  

Kuczmarski, R. J., Ogden, C. L., Guo, S. S., Grummer-Strawn, L. M., Flegal, K. M., Mei, Z., . . 

. Johnson, C. L. (2002). 2000 CDC Growth Charts for the United States: methods and 

development. Vital Health Stat 11(246), 1-190.  

Lee, H. (2012). The role of local food availability in explaining obesity risk among young 

school-aged children. Soc Sci Med, 74(8), 1193-1203. doi: 

10.1016/j.socscimed.2011.12.036 

Leeper, J., Hullett, S., & Wang, L. (2001). Rural Alabama Health Professional Training 

Consortium: six-year evaluation results. Fam Community Health, 24(2), 18-26.  

Levine, M. D., Ringham, R. M., Kalarchian, M. A., Wisniewski, L., & Marcus, M. D. (2001). Is 

family-based behavioral weight control appropriate for severe pediatric obesity? Int J 

Eat Disord, 30(3), 318-328.  

Lipana, L. S., Bindal, D., Nettiksimmons, J., & Shaikh, U. (2013). Telemedicine and face-to-

face care for pediatric obesity. Telemed J E Health, 19(10), 806-808. doi: 

10.1089/tmj.2012.0292 

Liu, J. H., Bennett, K. J., Harun, N., & Probst, J. C. (2008). Urban-rural differences in 

overweight status and physical inactivity among US children aged 10-17 years. J Rural 

Health, 24(4), 407-415. doi: 10.1111/j.1748-0361.2008.00188.x 

Liu, J. H., Jones, S. J., Sun, H., Probst, J. C., Merchant, A. T., & Cavicchia, P. (2012). Diet, 

physical activity, and sedentary behaviors as risk factors for childhood obesity: an urban 

and rural comparison. Child Obes, 8(5), 440-448. doi: 10.1089/chi.2012.0090 



36 
 

 

Lutfiyya, M. N., Lipsky, M. S., Wisdom-Behounek, J., & Inpanbutr-Martinkus, M. (2007). Is 

rural residency a risk factor for overweight and obesity for U.S. children? Obesity 

(Silver Spring), 15(9), 2348-2356. doi: 10.1038/oby.2007.278 

Marks, S., Shaikh, U., Hilty, D. M., & Cole, S. (2009). Weight status of children and 

adolescents in a telepsychiatry clinic. Telemed J E Health, 15(10), 970-974. doi: 

10.1089/tmj.2008.0150 

Maxwell, M. A., & Cole, D. A. (2009). Weight change and appetite disturbance as symptoms of 

adolescent depression: toward an integrative biopsychosocial model. Clin Psychol Rev, 

29(3), 260-273. doi: 10.1016/j.cpr.2009.01.007 

McCallum, Z., Wake, M., Gerner, B., Baur, L. A., Gibbons, K., Gold, L., . . . Waters, E. (2007). 

Outcome data from the LEAP (Live, Eat and Play) trial: a randomized controlled trial of 

a primary care intervention for childhood overweight/mild obesity. Int J Obes (Lond), 

31(4), 630-636. doi: 10.1038/sj.ijo.0803509 

McMartin, S. E., Willows, N. D., Colman, I., Ohinmaa, A., Storey, K., & Veugelers, P. J. 

(2013). Diet quality and feelings of worry, sadness or unhappiness in canadian children. 

Canadian Journal of Public Health, 104(4), e322-326.  

Merikangas, A. K., Mendola, P., Pastor, P. N., Reuben, C. A., & Cleary, S. D. (2012). The 

association between major depressive disorder and obesity in US adolescents: results 

from the 2001-2004 National Health and Nutrition Examination Survey. J Behav Med, 

35(2), 149-154. doi: 10.1007/s10865-011-9340-x 

Mulgrew, K. W., Shaikh, U., & Nettiksimmons, J. (2011). Comparison of parent satisfaction 

with care for childhood obesity delivered face-to-face and by telemedicine. Telemed J E 

Health, 17(5), 383-387. doi: 10.1089/tmj.2010.0153 



37 
 

 

Munsch, S., Roth, B., Michael, T., Meyer, A. H., Biedert, E., Roth, S., . . . Margraf, J. (2008). 

Randomized controlled comparison of two cognitive behavioral therapies for obese 

children: mother versus mother-child cognitive behavioral therapy. Psychother 

Psychosom, 77(4), 235-246. doi: 10.1159/000129659 

Must, A., & Strauss, R. S. (1999). Risks and consequences of childhood and adolescent obesity. 

International Journal of Obesity & Related Metabolic Disorders, 23, s2.  

Mustillo, S., Worthman, C., Erkanli, A., Keeler, G., Angold, A., & Costello, E. J. (2003). 

Obesity and psychiatric disorder: developmental trajectories. Pediatrics, 111(4 Pt 1), 

851-859.  

Myers, K. M., Valentine, J. M., & Melzer, S. M. (2007). Feasibility, acceptability, and 

sustainability of telepsychiatry for children and adolescents. Psychiatr Serv, 58(11), 

1493-1496. doi: 10.1176/ps.2007.58.11.1493 

Myers, M. D., Raynor, H. A., & Epstein, L. H. (1998). Predictors of child psychological 

changes during family-based treatment for obesity. Archives of Pediatrics & Adolescent 

Medicine, 152, 7.  

O'Brien, R. W., Smith, S. A., Bush, P. J., & Peleg, E. (1990). Obesity, self-esteem, and health 

locus of control in black youths during transition to adolescence. Am J Health Promot, 

5(2), 133-139. doi: 10.4278/0890-1171-5.2.133 

O'Neil, A., Quirk, S. E., Housden, S., Brennan, S. L., Williams, L. J., Pasco, J. A., . . . Jacka, F. 

N. (2014). Relationship between diet and mental health in children and adolescents: a 

systematic review. Am J Public Health, 104(10), e31-42. doi: 10.2105/ajph.2014.302110 



38 
 

 

Oddy, W. H., Robinson, M., Ambrosini, G. L., O'Sullivan, T. A., de Klerk, N. H., Beilin, L. J., . 

. . Stanley, F. J. (2009). The association between dietary patterns and mental health in 

early adolescence. Prev Med, 49(1), 39-44. doi: 10.1016/j.ypmed.2009.05.009 

Oellingrath, I. M., Svendsen, M. V., & Hestetun, I. (2014). Eating patterns and mental health 

problems in early adolescence--a cross-sectional study of 12-13-year-old Norwegian 

schoolchildren. Public Health Nutr, 17(11), 2554-2562. doi: 

10.1017/s1368980013002747 

Ogden, C. L., Carroll, M. D., Kit, B. K., & Flegal, K. M. (2012). Prevalence of obesity and 

trends in body mass index among US children and adolescents, 1999-2010. Jama, 

307(5), 483-490. doi: 10.1001/jama.2012.40 

Oude Luttikhuis, H., Baur, L., Jansen, H., Shrewsbury, V. A., O'Malley, C., Stolk, R. P., & 

Summerbell, C. D. (2009). Interventions for treating obesity in children. Cochrane 

Database Syst Rev(1), Cd001872. doi: 10.1002/14651858.CD001872.pub2 

Reinehr, T., Schaefer, A., Winkel, K., Finne, E., Toschke, A., & Kolip, P. (2010). An effective 

lifestyle intervention in overweight children: findings from a randomized controlled trial 

on “Obeldicks light”. Clinical Nutrition, 29(3), 331-336.  

Renman, C., Engstrom, I., Silfverdal, S. A., & Aman, J. (1999). Mental health and psychosocial 

characteristics in adolescent obesity: a population-based case-control study. Acta 

Paediatr, 88(9), 998-1003.  

Renzaho, A. M., Kumanyika, S., & Tucker, K. L. (2011). Family functioning, parental 

psychological distress, child behavioural problems, socio-economic disadvantage and 

fruit and vegetable consumption among 4-12 year-old Victorians, Australia. Health 

Promot Int, 26(3), 263-275. doi: 10.1093/heapro/daq054 



39 
 

 

Robinson, M., Kendall, G. E., Jacoby, P., Hands, B., Beilin, L. J., Silburn, S. R., . . . Oddy, W. 

H. (2011). Lifestyle and demographic correlates of poor mental health in early 

adolescence. J Paediatr Child Health, 47(1-2), 54-61. doi: 10.1111/j.1440-

1754.2010.01891.x 

Sacher, P. M., Kolotourou, M., Chadwick, P. M., Cole, T. J., Lawson, M. S., Lucas, A., & 

Singhal, A. (2010). Randomized Controlled Trial of the MEND Program: A Family-

based Community Intervention for Childhood Obesity. Obesity (Silver Spring), 18(S1), 

S62-S68. doi: 10.1038/oby.2009.433 

Schreier, H. M., & Chen, E. (2013). Socioeconomic status and the health of youth: a multilevel, 

multidomain approach to conceptualizing pathways. Psychol Bull, 139(3), 606-654. doi: 

10.1037/a0029416 

Sporn, N., Davis, A. M., & Dean, K. (2014). Psychosocial outcomes of a pediatric obesity  

treatment program for rural children.  

Steele, R. G., Aylward, B. S., Jensen, C. D., Cushing, C. C., Davis, A. M., & Bovaird, J. A. 

(2012). Comparison of a family-based group intervention for youths with obesity to a 

brief individual family intervention: a practical clinical trial of positively fit. J Pediatr 

Psychol, 37(1), 53-63. doi: 10.1093/jpepsy/jsr057 

Tai-Seale, T., & Chandler, C. (2010). Nutrition and overweight concerns in rural areas. Rural 

healthy people, 187-195.  

The Annie E. Casey Foundation. (2015). Kansas Indicators. from 

http://datacenter.kidscount.org/data - KS/2/0 

Tiffin, P. A., Arnott, B., Moore, H. J., & Summerbell, C. D. (2011). Modelling the relationship 

between obesity and mental health in children and adolescents: findings from the Health 



40 
 

 

Survey for England 2007. Child Adolesc Psychiatry Ment Health, 5, 31. doi: 

10.1186/1753-2000-5-31 

Vila, G., Zipper, E., Dabbas, M., Bertrand, C., Robert, J. J., Ricour, C., & Mouren-Simeoni, M. 

C. (2004). Mental disorders in obese children and adolescents. Psychosom Med, 66(3), 

387-394.  

Wadden, T. A., Stunkard, A. J., Rich, L., Rubin, C. J., Sweidel, G., & McKinney, S. (1990). 

Obesity in black adolescent girls: a controlled clinical trial of treatment by diet, behavior 

modification, and parental support. Pediatrics, 85(3), 345-352.  

Wardle, J., & Cooke, L. (2005). The impact of obesity on psychological well-being. Best Pract 

Res Clin Endocrinol Metab, 19(3), 421-440. doi: 10.1016/j.beem.2005.04.006 

Weng, T. T., Hao, J. H., Qian, Q. W., Cao, H., Fu, J. L., Sun, Y., . . . Tao, F. B. (2012). Is there 

any relationship between dietary patterns and depression and anxiety in Chinese 

adolescents? Public Health Nutr, 15(4), 673-682. doi: 10.1017/s1368980011003077 

Young, K. M., Northern, J. J., Lister, K. M., Drummond, J. A., & O'Brien, W. H. (2007). A 

meta-analysis of family-behavioral weight-loss treatments for children. Clin Psychol 

Rev, 27(2), 240-249. doi: 10.1016/j.cpr.2006.08.003 

Zeller, M. H., Reiter-Purtill, J., Modi, A. C., Gutzwiller, J., Vannatta, K., & Davies, W. H. 

(2007). Controlled Study of Critical Parent and Family Factors in the Obesigenic 

Environment. Obesity (Silver Spring), 15(1), 126-126. doi: 10.1038/oby.2007.517 

 

 

 

 



41 
 

 

Table I. Descriptives: Sample characteristics (N = 148) 
 M ± SD or n (%) 
  
Female gender 68 (45.9) 
Age (years) 9.35 ± 1.54 
Race/Ethnicitya  

White 136 (91.9) 
Hispanic/Latino 11 (7.4) 
Native American 8 (5.4) 
Black 5 (3.4) 
Asian/Pacific Islander  1 (0.7) 

Maternal education level  
Some high school 8 (5.4) 
High school graduate or equivalent 23 (15.5) 
Vocational degree 11 (7.4) 
Some college  34 (23.0) 
Associates degree 17 (11.5) 
Bachelor’s degree 42 (28.4) 
Graduate degree 12 (8.1) 

Maternal marital status  
Married  105 (70.9) 
Separated/Divorced  24 (16.2) 
Single 18 (12.2) 

Eligible for free/reduced lunch 57 (38.5) 
Sample Size   

Study 1  52 (35.1) 
Study 2 96 (64.9) 

Group assignment   
        Study 1 – Telemedicine  28 (18.9) 
        Study 1 – Physician Visit 24 (16.2) 
        Study 2 – Telemedicine  40 (27.0) 
        Study 2 – Telephone  56 (37.8) 
Maternal baseline BMI 30.39 ± 7.76 

Note.  BMI = Body Mass Index. 
aPercentages reflect the fact that children could be identified as having more than one 
race/ethnicity. 
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